Introduction and background {#S0001}
===========================

As more advanced therapy medicinal products (ATMPs) obtain marketing authorisation, enabling patient access to these therapeutic innovations has become an increasingly debated topic. The advent of high-value cell and gene therapies launching has created a challenging balancing act for decision-makers in the National Health Service (NHS) in terms of ensuring patient access on one hand, and affordability for the NHS on the other, while rewarding manufacturers for improving patient health. Striking this balance is a particularly pertinent challenge in the case of ATMPs, firstly because the cost of developing, manufacturing, and delivering them is much higher than for the more conventional medicines (e.g., small molecules and biologics) and minimally manipulated cells; and secondly, because many cell and gene therapies have the potential to deliver life-long health improvements through a one-off treatment, rather than a long-term drug regimen of repeated administrations. Manufacturers therefore need to convincingly make the case for this long-term health benefit to regulators like the European Medicines Agency (EMA) and to health technology assessment (HTA) bodies and commissioners in the NHS \[[1](#CIT0001)\]. This is challenging as a new therapy typically will have one or two years of clinical trial data at launch, which is often not sufficient to provide conclusive proof of the long-term safety and/or benefit in the real world. Furthermore, many cell and gene therapies often target rare and/or severe indications, which makes it harder both to recruit patients and to design a trial according to the randomised controlled trial (RCT) 'gold standard'. As a result, many pivotal trials in the cell and gene therapy space are conducted as e.g., small, single-arm trials with a short duration \[[2](#CIT0002)\]. This can reduce the statistical certainty in the results, making it more difficult both for regulators and payers to weigh the potential risks and benefits of adopting the new therapy against each other. Furthermore in the absence of an RCT design, making the comparative effectiveness value claims can be challenging.

From a regulatory perspective, the data uncertainty associated with cell and gene therapies has commonly been addressed in part by requiring that the manufacturer carries out post-marketing studies and submit results for review to the EMA \[[3](#CIT0003)\]. The duration of the post-marketing follow-up is established on a case-by-case basis, but for many gene therapies (e.g., those using integrating vectors or have the potential for latency followed by reactivation) it is usually an expectation to follow patients for 15 years \[[4](#CIT0004)\]. The marketing authorisation recently granted by the EMA for Yescarta® illustrates this further, where the requirement is to follow patients for 20 years \[[5](#CIT0005)\].

Data uncertainty is a challenge also for HTA bodies and payers, who want to be reasonably confident that the patient benefit seen in the trial will materialise in the real world and long-term, and thus that the NHS gets the value it pays for \[[6](#CIT0006)\]. Traditionally, payers have favoured simple discounts, paired with the potential for treatment discontinuation, to manage this uncertainty, in order to limit budget impact and the potential for overpayment (e.g., if the therapy does not perform as in the trial) \[[7](#CIT0007)\]. While this approach makes sense for managing conventional drugs (e.g., that are part of a regimen with repeated administrations), it is less useful for one-off cell and gene therapies. If the conventional model of paying for the treatment in full upfront is applied to one-off therapies, it will not be possible to terminate the treatment, and thereby limit the financial exposure in cases where the desired health outcome is not achieved. This creates a challenge both for payers, who face a substantial upfront payment and uncertain outcomes, and for manufacturers who struggle to get their therapies adopted under terms that are commercially viable.[^1^](#FN0001)[^1][^2^](#FN0002)[^2]

The experience of the ATMPs that have launched to date illustrates this. No ATMP has yet achieved widespread reimbursement and access across the five biggest European countries (EU5: France, Germany, Italy, Spain and the UK), and as [Table 1](#T0001) shows, among those that have been reimbursed, many have been restricted beyond the regulatory label. 10.1080/20016689.2019.1573164-T0001Table 1.Reimbursement status in EU5 (France, Germany, Italy, Spain and the UK) of cell and gene therapies with EMA marketing authorisation[^1^](#FN0001).ProductReimbursement status in EU5ChondroCelect®Withdrawn from the market, largely due to challenges with securing reimbursement \[[8](#CIT0008),[9](#CIT0009)\].MACI®Provenge®Glybera®Imlygic®Only reimbursed in Germany and the UK \[[10](#CIT0010),[11](#CIT0011)\] and restricted beyond its regulatory label in the latter \[[12](#CIT0012)\].Holoclar®Reimbursed in the UK, Spain, France and Italy, however with restrictions applied to the indication and/or the level of reimbursement \[[8](#CIT0008),[13](#CIT0013)--[16](#CIT0016)\].Strimvelis®Only reimbursed in Italy \[[11](#CIT0011)\] and the UK \[[17](#CIT0017)\], and its use is limited in one centre in all of Europe.[^2^](#FN0002)Zalmoxis®Only reimbursed in Italy, France and Germany \[[18](#CIT0018)\]Spherox®Only reimbursed in the Germany, and the UK (where it is restricted beyond the its regulatory label) \[[19](#CIT0019),[20](#CIT0020)\].Yescarta®Obtained marketing authorisation in August 2018, and was approved for reimbursement in the UK through the Cancer Drugs Fund (CDF) for adult patients with diffuse large B-cell lymphoma (DLBCL) or primary mediastinal B-cell lymphoma, who have failed at least two prior lines of therapy \[[21](#CIT0021)\].Kymriah®Obtained marketing authorisation in August 2018, and was approved for reimbursement in the UK through the CDF in patients up to 25 years old with B cell acute lymphoblastic leukaemia (ALL) that is refractory, in relapse post-transplant or in second or later relapse \[[22](#CIT0022)\].\
At the time of writing, the National Institute for Health and Care Excellence (NICE) had not yet recommended Kymriah for reimbursement in its second indication in DLBCL in adults whose cancer has relapsed or did not respond after two or more previous treatments \[[23](#CIT0023)\].

Against this backdrop, many stakeholders have sought to find a solution that enables patients to benefit from therapeutic innovation, while addressing HTA bodies' and healthcare payers' concerns around data uncertainty \[[24](#CIT0024)\]. Performance- or outcomes-based reimbursement schemes, whereby payments to manufacturers are made conditional on achieving and/or sustaining a certain patient benefit, is a means that has been discussed extensively in the literature \[[1](#CIT0001),[7](#CIT0007),[24](#CIT0024)--[29](#CIT0029)\]. In practice, however, payers and HTA bodies in Europe have historically conveyed a low appetite for reimbursement schemes that require the collection of outcomes data, due to concerns around their administrative complexity \[[30](#CIT0030)\]. Efforts to establish data management infrastructures that can link patient outcomes and reimbursement exist in countries such as Italy and Estonia, but are scarce elsewhere in Europe \[[31](#CIT0031),[32](#CIT0032)\].

Despite the complexity in executing such schemes, the opportunity they present in terms of reducing data uncertainty and enabling patient access mean they remain an option that is often considered. A notable example is in the regenerative medicines study of England's main HTA body, NICE, where strategies for managing decision uncertainty and enabling access to high-cost one-off therapies such as cell and gene therapies was explored[^3^](#FN0003)[^3] \[[33](#CIT0033)\]. One of the solutions considered in this exercise is where a one-off therapy is paid for as if it were a chronic treatment. NICE dubbed this 'lifetime leasing', and described it as paying for the one-off therapy *'...for each period of time that the health* \[benefit\] *is delivered at the individual patient level. That is, if the observed effectiveness in clinical practice was equal to the expected effectiveness, the manufacturer would receive the full value of the technology over the agreed period. However, if observed effectiveness was less than expected, payment would stop and the risk to the health system of over-payment would be limited*.' \[[33](#CIT0033)\]

This means that payments for a one-off therapy would be staged over time, and that the NHS would only be liable to pay as long as the pre-agreed patient health outcome materialises and is sustained. There are several important and beneficial implications to this approach. Firstly, it reduces the uncertainty around the cost-effectiveness of the therapy, which is one of the central factors affecting NICE's recommendation for reimbursement in the NHS. Secondly, it reduces the budget impact at launch, which improves (short-term) affordability. Thirdly, from the patients' point of view, this provides an opportunity to speed up access to therapeutic innovation. Lastly, from the manufacturers' point of view, this can provide an alternative to applying simple discounts on the upfront payment, which reduce the reward for the therapeutic innovation and diminishes the value of therapies with long-term benefits.[^4^](#FN0004)[^4]

Research objectives {#S0002}
===================

Despite being a conceptually fairly simple idea, an outcome-based reimbursement scheme like the staged payment approach considered by NICE can only function properly if it is rooted in a data collection practice and infrastructure that provides the appropriate framework for such schemes.

In previous work, we built on the NICE regenerative medicines study \[[33](#CIT0033)\] to understand the cost and resource implications of implementing an outcomes-based, staged payment approach like 'lifetime leasing' in acute lymphoblastic leukaemia (ALL) \[[34](#CIT0034)\]. Our findings show that in ALL, there is a requirement to follow patients routinely and collect their data into the Systemic Anti-Cancer Treatment (SACT) database \[[35](#CIT0035)\], meaning that an infrastructure is already in place that could potentially support the adoption of an outcomes-based reimbursement scheme.

However, the question remains what the situation is in the other therapy areas that are likely to see launches of cell and gene therapies in the coming years. The objective of this research is therefore two-fold: To provide a top-level scan of the indications most likely to see a launch of a cell or gene therapy (ATMP) in the UK over the next five years; andTo perform a qualitative assessment of what (if any) data collection infrastructure and practice is in place in the UK in the relevant indications, and to provide directional insights on how conducive the current environment is for facilitating the adoption of an outcomes-based reimbursement scheme

Methodology {#S0003}
===========

Identifying the indications most likely to see launch of cell or gene therapies in the UK over the next five years {#S0003-S2001}
------------------------------------------------------------------------------------------------------------------

In order to identify the indications most likely to see a launch of cell or gene therapies in the UK over the next five years we: Identified cell or gene therapies at a mature development stage, i.e., Phase III clinical trial (or in registrational trial stage where this is identifiable[^5^](#FN0005)[^5]) with EU and/or US trial sites, as these are more likely to enter the UK market in the time horizon of our analysis (unlike trials in geographies with distinctly different regulatory frameworks, e.g., China, Korea), andRecorded the target indications for the products/trials identified

A number of sources were screened through secondary research during May 2018 to identify cell and gene therapies in clinical trials. The sources of information used include: Data from the Alliance for Regenerative Medicine (ARM) detailing the global Phase III cell and gene therapy trials (as used in their Quarterly Data Reports \[[36](#CIT0036)\])The European Clinical Trial Registry \[[37](#CIT0037)\]The Advanced Therapies Investment Report 2017 from Phacilitate \[[38](#CIT0038)\]The horizon scanning services provided by the UK Medicines Information (UKMi) \[[39](#CIT0039)\] and the UK Innovation Observatory \[[40](#CIT0040)\]Review of company pipelines online

For each of the results we detailed: Product namesSponsors/manufacturersTrial stageIndications and therapeutic categoryWhether the trial has sites in the European Union (EU) and/or the USA (US)

Identifying the existing UK data collection infrastructure and practice {#S0003-S2002}
-----------------------------------------------------------------------

We applied a combination of secondary and primary research to determine what data collection infrastructure exists in the UK, and how it is used in routine practice. Secondary research: Internet searches to identify potentially relevant UK registries and databases in the indications identifiedPrimary research: Structured interviews with key opinion leader (KOLs) clinicians in the different target indications to test our secondary research findings, and to explore the extent to which the current environment can facilitate long-term data collection for the purposes of enabling performance-based reimbursement

KOLs were identified through Internet searches, and needed to have a minimum of 10 years' experience, involvement in trials and/or a peer review publication experience in the relevant therapy areas.

The key points explored in the research included: Whether any data collection infrastructures such as registries or databases are in use for the target indicationData collection practice, e.g., whether data collection and entry into databases/registries is mandatoryThe time horizon that patients are followed-up in clinical practice (i.e., short- vs. longer-term)The therapeutic remit of the registry (i.e., if it is specific to the indication or a specific therapy used for a subset of the target population)

Findings {#S0004}
========

The indications most likely to see launch of cell or gene therapies in the UK over the next five years {#S0004-S2001}
------------------------------------------------------------------------------------------------------

The ARM data provided the greatest number of Phase III trials among the sources used, with a total of product 71 entries, out of which 55 were included in the sample below. This was supplemented by three additional entries from the other sources.

[Figure 1](#F0001) shows the results of our secondary research, detailing the number of results excluded due to not having a EU/US trial site or being Phase I/II, as well as duplicate results, leaving a total of 58 therapies/trials.10.1080/20016689.2019.1573164-F0001Figure 1.Flow diagram for the identification of the relevant therapies in late stage development in EU and/or US.

[Table 2](#T0002) details the 58 cell or gene therapy products/trials that meet our criteria, and the associated target indications (47) and therapy areas (12). A minority of indications is targeted by more than one therapy in development (e.g., in heart failure, there are seven therapies in development).10.1080/20016689.2019.1573164-T0002Table 2.Cell or gene therapy products with clinical trial Phase III studies with sites in the EU and/or US with associated target indications and therapy areas.Cell or gene therapyTarget indicationTherapy areaGenerxRefractory anginaCardiovascularCardiAMP TherapyHeart failureC-CureHeartCel\*MyoCellRevascorRT100t2c001PLX-PADCritical Limb IschemiaRexmyelocel-TOTL-200 (ex. GSK2696274)Metachromatic LeukodystrophyCentral Nervous SystemLenti-DAdrenoleukodystrophyNurOwnAmyotrophic lateral sclerosisStrataGraftBurnsDermatologyCx601Perianal fistula (Crohn's disease)GastroenterologyHumacyl HUMACYTEEnd stage renal diseaseGenitourinary disordersAutologous muscle-derived cells COOKStress urinary incontinenceICES13BMN270-301/valoctocogene roxaparvovecHaemophilia AHaematologyLentiGlobinBeta thalassaemiaOTL-103 (ex. GSK2696275)Wiskott-Aldrich SyndromeImmunology and InflammationHabeo (ECCS-50)SclerodermaRevascor MPCs (rexlemestrocel-L)Lower back painATA129Epstein-Barr Virus infectionInfectious diseasesTransVax (ASP0113)Cytomegalovirus infectionAmniofixAchilles tendonitisMusculoskeletalOnasemnogene abeparvovec (AVXS101)Spinal Muscular AtrophyNeoCartCartilage defectsPREOBOsteonecrosis of the femurADXS11-001Metastatic cervical cancerOncologyVGX3100AGS003Metastatic renal cell carcinomaTroVaxArenegyrPleural mesotheliomaCG0070Bladder cancerInstiladrinDcvac/PcaHormone refractory metastatic prostate cancerDCVax L 9Glioblastoma multiformeHyperAcute Lung Cancer Vaccine NEWLINKNon-small cell lung cancerHyperAcute Pancreas Immunotherapy NEWLINKPancreatic cancerImlygicUnresected melanomaImmuniCellMultiple tumour typesMelCancerVacColorectal cancerM-VaxMelanomaNiCordHematological malignanciesPexa-VecMetastatic hepatocellular carcinomaProstAtakLocal prostate cancerStemExHematological malignanciesToca 511 with Toca FCGliomaTT10Nasopharyngeal cancerVB111Glioblastoma multiformeVigil GRADALISOvarian cancerNSR-REP1ChoroideremiaOphthalmologyRenexusMacular Telangiectasia type 2Voretigene neparvovec (Luxturna)Biallelic RPE65-mediated inherited retinal diseaseGS010Leber hereditary optic neuropathyOTL-101\*Adenosine deaminase severe combined immunodeficiencyImmunodeficiencyPLX-R18\*\*Acute radiation syndrome**Total = 58 productsTotal = 47 indicationsTotal = 12 therapy areas**[^6]

[Figure 2](#F0002) shows the number and proportion of cell and gene therapies in Phase III trials with EU and/or US trial sites according to therapy area.10.1080/20016689.2019.1573164-F0002Figure 2.Number (and proportion) of cell and gene therapies in Phase III development (with US and/or EU trial site), according to therapy area.

Our findings show that oncology is the therapy area has the highest likelihood to see UK launches of cell or gene therapies in the next five years, representing 40% (23/58) of the therapies identified, which is in line with other findings \[[41](#CIT0041)--[43](#CIT0043)\]. Cardiovascular disease comes second (also in line with other findings \[[41](#CIT0041)--[43](#CIT0043)\]) with 10 therapies in development, representing three indications, while the remaining therapy areas have four or fewer therapies in development.

The existing UK data collection infrastructure and practice in the indications of interest {#S0004-S2002}
------------------------------------------------------------------------------------------

Subsequently, we used secondary and primary research to identify the UK data collection infrastructures in place in the target indications identified,[^6^](#FN0006)[^7] as well as the nature of patient follow-up and data collection in current clinical practice. Our previous work identified SACT database as mandatory to use for all oncology therapies \[[34](#CIT0034)\], and there was therefore no need to investigate each oncology indication individually. [Figure 3](#F0003) provides a graphical and numerical representation of our results (the grey part of the bar illustrates that the bar below is a subset of the bar above it), while [Table 3](#T0003) summarises the key findings of our secondary research and KOL interviews per indication. The primary research component involved interviews with 20 KOLs across the 26 non-oncology target indications (some KOLs were able to speak to more than one target indication where indications were closely related, e.g., in ophthalmology).10.1080/20016689.2019.1573164-T0003Table 3.Data collection infrastructure and current practice in the target indications of interest.Indications identifiedRelevant data collection infrastructureTherapeutic remit of the registry is by indication\^Data entry practice mandatory\*Time horizon for patient follow-up in specialist setting \> 1 year\*\*OncologySystemic Anti-Cancer Treatment (SACT) database**+++**End-stage renal diseaseUK Renal Registry and the Scottish Renal Registry**+++**Haemophilia ANational Haemophilia Database**+++**Beta thalassaemiaThe National Haemoglobinopathy registry[^8^](#FN0008)**+++**Perianal fistula (Crohn's disease)The Inflammatory Bowel Disease Registry**+−+**Wiskott-Aldrich SyndromeUK primary immunodeficiency registry**+−+**SclerodermaUK Scleroderma Registry**+−+**Spinal Muscular AtrophySMArtNet database, SMA Reach registry**+−+**Metachromatic LeukodystrophyBritish Bone Marrow registry (BBMR)**−++**Adrenoleuko-dystrophyBBMR**−++**Epstein-Barr Virus infectionBBMR**−++**Cytomegalovirus infectionBBMR**−++**Adenosine deaminase severe combined immunodeficiencyBBMR; Strimvelis international product-specific registry**−++**Amyotrophic lateral sclerosisMotor neuron disease registry**−−+**Heart failureNational Heart Failure Audit**++−**BurnsNational Burn Injury Database**++−**Critical Limb IschemiaThe National Vascular Registry**−−−**Stress urinary incontinenceBritish Society of Urogynaecology Audit Database**−−−**Lower back pain (from degenerative disc disease)The British Spine Registry**−+−**Angina refractory to standard medical therapy and not amenable to conventional revascularisation proceduresNo UK infrastructure identifiedN/AN/A**−**Cartilage defectsNo UK infrastructure identifiedN/AN/A**−**Osteonecrosis of the femur (early stage, non-traumatic)No UK infrastructure identifiedN/AN/A**−**Achilles tendonitisNo UK infrastructure identifiedN/AN/A**−**ChoroideremiaNo UK infrastructure identifiedN/AN/A**+**Macular Telangiectasia type 2No UK infrastructure identifiedN/AN/A**+**Biallelic RPE65-mediated inherited retinal diseaseNo UK infrastructure identifiedN/AN/A**+**Leber hereditary optic neuropathyNo UK infrastructure identifiedN/AN/A**+**[^8][^9][^10][^11]10.1080/20016689.2019.1573164-F0003Figure 3.Waterfall chart of the results according to the research criteria.\* Acute radiation syndrome (caused by e.g., nuclear meltdowns) was excluded from the analysis of infrastructure, due to the sporadic nature of the target indication; therefore the total number of indications for which data collection infrastructure and practice assessed is 46 (rather than the 47 identified in [Table 2](#T0002)).

Our findings show that oncology (with its 20 indications), end-stage renal disease, haemophilia A and beta thalassaemia are the indications where a national data collection infrastructure is currently in place, and where patient follow-up and data collection is mandatory in the specialist setting beyond the one-year mark (in the latter three indications this is done indefinitely). These are the indications where the existing data collection infrastructure and clinical practice come close to the infrastructure needed to facilitate outcomes-based reimbursement schemes. But even in these indications upgrading is needed to enable the reimbursement mechanism and link all relevant stakeholders (clinicians, hospital pharmacists, finance, commissioners) while providing visibility for manufacturers and while maintaining patient confidentiality.

The SACT database in particular seems well poised to enable the collection of patient data longer-term, as it covers all cancer patients with solid and haematological malignancies in all of the NHS providers, and has been suggested as a means to support outcomes- and indication-based pricing \[[34](#CIT0034),[44](#CIT0044)\]. The UK Renal Registry (UKRR) is another infrastructure that seems well suited for long-term outcomes collection. The UKRR links with the hospital episode statistics and the office for national statistics, and collects data on a quarterly basis from renal units across the country. Patients are seen by consultant physicians at least every three months, and have a variety of data collected, including haemoglobin, biochemistry data, types of treatments received, and adverse events. Similarly, in haemophilia, the National Haemophilia Database collects data quarterly from haemophilia centres regarding the treatment prescribed, factor level in the blood, adverse events, mortality, etc. In beta thalassaemia, safety, efficacy and adverse event data are collected long-term from patients' annual visits and recorded in the National Haemoglobinopathy Registry. Data collection is mandatory, and compliance is thought to be good, meaning this is another area where the current clinical practice and infrastructure appears to be conducive to facilitating outcomes-based reimbursement.

Another infrastructure of particular interest is the British Bone Marrow Registry (BBMR), which is relevant for all patients undergoing bone marrow transplant (BMT), meaning it is relevant in several of the therapy areas identified (i.e., metachromatic leukodystrophy, adrenoleuko-dystrophy, Epstein-Barr virus infection, and cytomegalovirus infection, as well as certain thalassaemia patients). Data collection into the BBMR is mandatory and performed long-term. Although the BBMR is specific to the BMT treatment (in its current form), there are developments on the European level indicating that it may be used to facilitate data collection for Chimeric Antigen Receptor (CAR) T-cell therapies for regulatory purposes going forward \[[45](#CIT0045)\], however this is an area still in development. The BBMR is relevant also in adenosine deaminase severe combined immunodeficiency (ADA-SCID), where BMT is a common treatment option, however, this has now been complemented by the launch of Strimvelis®. Strimvelis® has an international, product-specific registry in place (for regulatory purposes), however, as with the BBMR, it is hard to say whether this can be leveraged also for the next gene therapy currently in development for ADA-SCID (OTL-101).[^7^](#FN0007)[^12][^8^](#FN0008)[^13]

Heart failure is the target indication with the highest number of therapies (seven) that could potentially launch over the next five years, and the National Heart Failure Audit (NHFA) is relevant for all patients that have been admitted to hospital with heart failure. It is mandatory to complete (for centres with a minimum of 20 admissions per month), and captures details such as 30-day readmission rate, mortality during stay and at one year, however, the majority of data is procedural rather than clinical outcomes (the NHFA is based on hospital episode data). Furthermore, there is a push to discharge heart failure patients from the specialist setting to primary care, and the vast majority (an estimated 90%) of patients are discharged from the specialist setting before the one-year mark (around 10% of patients, the most severe and unstable, are seen on a long-term basis by consultants or specialist nurses). Although this means that the more severe minority of patients are seen regularly and monitored longer-term, their data is not recorded in any national infrastructure (the NHFA is for hospital admissions only), but kept locally in respective hospitals.

Similarly, the majority of patients with burns, critical limb ischaemia and stress urinary incontinence are discharged to primary care typically within months, where data collection is currently thought to be very challenging. A clear message from many of the clinicians interviewed is that longer-term data collection in the primary care setting would require an increase in staff resources as well as ensuring access to the relevant data collection infrastructure.

Among the indications where no UK infrastructure was identified (relevant for the whole target population), there are examples where international infrastructures exist but where these are e.g., industry sponsored and/or focusing on patient-reported outcomes (e.g., REALITY LHON in leber hereditary optic neuropathy), or simply a registry of the patients with the disease in question, without capturing any outcomes data (e.g., the CHM registry in choroideremia). The case of biallelic RPE65-mediated inherited retinal disease is particularly pertinent as Luxturna® received a positive recommendation by the EMA's Committee for Medicinal Products for Human Use (CHMP) for granting of marketing authorisation (pending European Commission confirmation at the time of writing) in October 2018 \[[46](#CIT0046)\]. There is no UK-wide data collection infrastructure in place that covers this target indication (the closest identified framework is the National Ophthalmology database, however, this is limited to cataract surgery patients only), so a new, possibly treatment-specific registry might need to be implemented if outcome-based reimbursement is going to be adopted for Luxturna®.

More broadly, our interviews with expert clinicians revealed that patients with chronic and severe conditions tend to be seen routinely and sometimes indefinitely in the specialist setting, where data collection and monitoring is engrained in routine clinical practice. Since longer-term data collection in the specialist setting is part of the current clinical practice for such indications, the barriers to implementing outcomes-based reimbursement seem quite modest if the appropriate data collection infrastructure were in place. Conversely, patients with conditions that are acute or require only short-term follow-up in the specialist setting (e.g., burns) are typically discharged into the primary care setting once they are stabilised, where long-term data collection is far more challenging.

Discussion {#S0005}
==========

Managing data uncertainty in HTAs is a key challenge for NHS stakeholders when considering the adoption of a new therapy. In the above, we have detailed how this issue can be particularly pressing for cell and gene therapies that are administered as one-off treatments with the potential for providing long-term health benefits (but in the absence of long-term clinical data at launch). Furthermore, the issue of data uncertainty can be exacerbated for therapies that qualify for regulatory pathways such as the EMA's priority medicines (PRIME) scheme or adaptive pathways, as these therapies can be granted a (conditional) marketing authorisation based on less mature trial data \[[47](#CIT0047),[48](#CIT0048)\].

Our findings identify the target indications and therapy areas most likely to see a launch of a cell or gene therapy in the UK over the next few years, and detail how conducive the existing clinical practice and data collection infrastructure are for collecting real-world data over time. Oncology stands out as the therapy area with the most cell and gene therapies in late stage development, and also seems well poised to enable the collection of patient data longer-term (through the SACT database). Despite the potential of the SACT database, the Association of the British Pharmaceutical Industry (ABPI) has voiced the concerns of their members around the quality and completeness of the SACT data, as well as around governance and access to the data. Given these shortcomings, ABPI expects most companies to rely on maturing data from clinical trials or post-marketing studies, to support reimbursement submissions rather than tying in with SACT \[[49](#CIT0049)\].

Among non-oncology target indications, we have shown that the majority have a data collection infrastructure in place, however, there are considerable differences between indications in terms of whether patients typically are followed up for more than one year, and whether data collection is mandatory. Although our findings show that in many indications, the current clinical practice would have to change to enable longer-term patient data collection, it is important to highlight that the introduction of a cell or gene therapy would likely require the clinical pathway to change considerably anyway. Recent marketing authorisations granted by the EMA demonstrate that many cell or gene therapies are required to follow patients for more than a decade to document the long-term safety and efficacy. This means that while the current clinical practice in therapy areas such as heart failure, burns and critical limb ischaemia is to discharge patients into the primary care setting where follow-up and data collection is highly challenging, the introduction of a cell or gene therapy would likely require patients to be followed regularly and to collect patient data routinely.

Aligning the post-launch evidence generation infrastructure to address requirements for regulatory and reimbursement purposes is increasingly recognised by industry as well as by regulators, payers, and HTA bodies as an attractive option for minimising the burden of post-launch data collection \[[30](#CIT0030),[45](#CIT0045),[50](#CIT0050),[51](#CIT0051)\]. This opportunity was seized upon in Italy in 2005, when Italian health authorities faced an incoming pipeline of expensive oncology treatments, with high price tags and uncertainty in the clinical data \[[32](#CIT0032)\]. The Italian Medicines Agency (AIFA) established a registry that serves both regulatory and reimbursement purposes, by linking prescriptions and payments/rebates to clinical criteria and outcomes. This registry is flexible and has been expanded (from its original remit of oncology) to include many other therapy areas, and is adaptable to accommodate the collection of different patient outcomes as new indications are added \[[32](#CIT0032)\].

While there has been some debate around the operational success of the Italian system, (e.g., in terms of realising the amounts due for rebate by the manufacturers \[[52](#CIT0052)\]), the experience from Italy shows that it is possible to implement a universal data collection infrastructure across a country with 21 highly autonomous regions, each with their own healthcare authorities and information technology (IT) systems.

The need for such a universal data collection infrastructure was one of the key recommendations made in a recent review of current HTA principles and practices in Europe regarding ATMPs \[[51](#CIT0051)\], however the implementation of such an infrastructure is associated with considerable challenges. One key challenge identified during the EMA's Patient Registries Workshop was that the plethora of different registries and registry holders (whether academic or manufacturers) means that there are not always the incentives in place to collaborate between them to collect data to meet needs that are not directly their own \[[53](#CIT0053)\]. From the UK perspective, a key challenge is that there is a plethora of registries and databases for different indications and/or types of treatments, some of which are used routinely with high compliance rates, and others that are driven by physician champions in a minority of centres. This means that system integration and interoperability will be a key issue where existing registries or databases are to be leveraged. Furthermore, ensuring that there is an appropriate resource of clinical staff to handle the data entry and management, to ensure high quality data entry is another central concern. The issue of staff resource was a recurring theme in our KOL interviews, where many of the interviewed clinicians said that access to research nurses or data managers was key to ensuring the quality and accuracy of data entry.

Clinicians we spoke to noted that the staff resource shortages are markedly worse in the primary care setting, and to the point where many speculated that long-term patient follow-up and data collection in this setting would be near impossible. This may not be an issue for cell and gene therapies at the first instance, as one would expect most of the patient follow-up to take place in the hospital setting. However, as this new therapeutic field matures, safety concerns are reduced, and cell and gene therapies deliver on the promise of curing patients, one could expect to see more patients being discharged to the primary care setting sooner; this begs the question of how to facilitate data collection in the ideal scenario, i.e., where patients are symptom-free and with good quality of life. Recent initiatives like the PROmics study at the University of Birmingham (UK), where patient-reported outcomes (PROs) are collected, illustrate the interest in collecting patient data after discharge from the hospital, however, it remains to be seen what role PROs will play for reimbursement purposes in the UK.

NHS England, has historically avoided complex pricing arrangements because of the potential burden on hospitals and clinicians in managing data collection and financial flows \[[44](#CIT0044)\]. While NHS England tends to favour simple discounts over outcomes-based reimbursement schemes, the need for such alternative pricing schemes that better address the opportunities and challenges that innovative therapies like ATMPs present for commissioners, is growing.

This need is more pressing especially in therapy areas where there are few good short-to-medium term indicators of long-term performance. E.g., in haematological cancers (the target of several CAR-T therapies) it is possible to establish curative status after patients have remained in remission for approximately three years. This means that the need for implementing long-term outcomes-based pricing schemes in such therapy areas is lower; this is illustrated by the reimbursement of Kymriah and Yescarta in England through the Cancer Drugs Fund where no sophisticated pricing scheme was applied (just a confidential discount on the list price). However, in other therapy areas like haemophilia, and thalassaemia, it is far more challenging to establish curative status at launch in the absence of long-term clinical data. We anticipate that in such therapy areas, longer-term outcomes-based pricing schemes will become increasingly important and relevant in avoiding erosion of product value through upfront discounts.

Our recommendation is for outcomes-based reimbursement schemes to be part of the solution to address uncertainty for HTA bodies and affordability for NHS decision-makers, so that patient access is accelerated. Furthermore, reimbursement schemes involving outcomes-based, staged payments (such as 'lifetime leasing' or annuities) have the added benefit of addressing payer concerns around realising the rebate payments, as they are essentially a rebate in reverse. While the concerns around the administrative burden of executing such schemes are legitimate, there is a case to be made for cell and gene therapies, that since there commonly is a long-term safety and efficacy data collection requirement already in place (for regulatory purposes), the incremental burden of executing outcomes-based reimbursement is lower.

Having the right data collection infrastructure in place is key for implementing such outcomes-based reimbursement schemes. A more detailed understanding of the ability of existing infrastructures to enable such schemes is needed, followed by a gap analysis to determine whether it is more useful to build on existing structures or to establish a universal registry like the one operated by AIFA in Italy. Regardless, an improved data collection infrastructure would be a key component in ensuring not only timely patient access, but also a better understanding and recognition of the value for the NHS, as well as an appropriate reward to manufacturers for innovation.
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[^1]: Luxturna® had at the time of writing this received a positive recommendation by the EMA's Committee for Medicinal Products for Human Use (CHMP) for granting of marketing authorisation (pending European Commission confirmation).

[^2]: Non-Italian patients will be required to travel to Italy for treatment (pending successfully completed reimbursement negotiations in their respective countries).

[^3]: An HTA exercise for a hypothetical CAR-T cell therapy, exploring the impact of different reimbursement schemes on the potential reimbursement recommendation delivered by NICE.

[^4]: It should be noted that this type of reimbursement scheme would also impact company cash flow as the payments are staged over time rather than in one upfront instalment.

[^5]: Some cell and gene therapies aim for early or accelerated access using e.g., Phase II trial data where the unmet need and therapeutic potential is high.

[^6]: \* In Phase II (not Phase III), however, this is expected to be the pivotal trial

    \*\* PLX-R18 targets acute radiation syndrome, which is an illness caused by irradiation of the entire body by a high dose of radiation in a very short period of time, e.g., nuclear meltdowns. Due to the sporadic nature of the target indication, it was decided to exclude this therapy from the investigation of the available data collection infrastructure.

[^7]: Note that acute radiation syndrome (caused by e.g., nuclear meltdowns) was excluded from the analysis of infrastructure, due to the sporadic nature of the target indication; therefore the total number of indications assessed is 46 (rather than 47).

[^8]: \* + indicates mandatory data entry; -- indicates discretional data entry.

[^9]: \*\* + indicates a follow up time \> 1 year; -- indicates a follow up time \< 1 year.

[^10]: \^ + indicates the registry is specific to the indication; -- indicates the registry is specific to the therapy provided.

[^11]: N/A = not applicable.

[^12]: It should be noted that OTL-101 is developed by Orchard Therapeutics Limited, which also owns the license for Strimvelis®, so the competitive imperative for limiting the registry only to Strimvelis® is likely lower in this case than it would be if two competing companies owned the technologies.

[^13]: The British Bone Marrow Transplant registry is also used for a subset of thalassaemia patients who undergo this type of treatment.
